Abstract. We report here a girl (the proband) and her mother with del(X)(p11.2) showing few somatic stigmata of the typical Turner syndrome. The proband exhibited short stature, cubitus valgus, short 4th metacarpal, multiple pigmented nevi and epicanthal fold, while her mother exhibited short stature, cubitus valgus, and short 4th metacarpal. Pubertal changes occurred in both of them. The mother had menarche at 12 years and menopause at 37 years 7 months, indicating premature ovarian failure. The grandmother of the proband had cubitus valgus but normal karyotype. There were many patients with thyroid disease on both their paternal and maternal sides. The proband and her mother had overt hypothyroidism, compensated hypothyroidism, and euthyrodism respectively, though all of them showed positive antithyroid antibodies. In Turner patients with del(Xp), there are many important issues, including determination of the loci of some genes on the X chromosome and genetic counseling.
Introduction
Major symptoms of Turner syndrome are short stature, gonadal dysgenesis, and somatic stigmata. Generally, this syndrome is associated with amenorrhea. However, spontaneous menstruation occurs in 3-8 % of the patients with 45,X karyotype and 12-21 % of those with 45, X/46, XX (1, 2) . A non-mosaic form of Turner syndrome with 46,XXp-is rare. Its occurrence among all of the Turner patients was reported to be 1.9 % by Lippe (12) and 2.8% by Kleczkowska et al. (11) . In Japan this form was found at a frequency of 1.28 % (13) .
Women with terminal deletions of the short arm of an X chromosome have short stature and some somatic features of Turner syndrome. In many of them, their gonadal functions are preserved and there have been some reports dealing with pregnancy and/or delivery among such patients (14) (15) (16) (17) (18) (19) (20) (21) .
The present report describes two cases of 46,X,del(X)(p11.2) that appeared in a mother and her daughter.
Case Report

Case A.T. (proband)
This girl was referred to our clinic with the complaint of short stature at the age of 11 years and 10 months. There were many patients with thyroid disease among the proband's relatives (Fig. 1) . She was born at term in a cephalic delivery with a birth weight of 3,070 g and birth length 51 cm. Her psychometric development was normal. She had been the shortest in her grade since kindergarten. The parents believed that she would be as tall as her friends and waited without consulting any doctors. At the age of 11 years and 9 months the family doctor noted her severe short stature and recommended a precise and thorough examination.
She was 123.7 cm (-3.80 SD) tall and weighed 28.4 kg (-1.34 SD) at her first visit. Physical examination showed cubitus valgus, pigmented nevi, epicanthal fold and short 4th metacarpal. She did not have a low posterior hair line, low-set ears, or any webbing of her neck (Table 1) . No pubertal changes were observed, breast was in stage 1 according to Tanner's standard and pubic hair was Tanner stage 1.
Her photo at the age of 14 years 5 months is shown in Fig. 2 . Her breast was well developed to Tanner stage 3 and pubic hair was Tanner stage 2. There were no abnormalities in her blood Fig. 1 There were several patients with thyroid disease among the relatives of the proband (both on the paternal and maternal sides) (V1-1). The proband with X,del(X)(p11.2) was positive for antithyroid antibody and hypothyroidism. The proband's mother (V-4) with the same karyotype as the proband, was positive for antithyroid antibodies, and compensated hypothyroidism. The proband's maternal grandmother (IV-11) had a normal karyotype and, was in a euthyroid state despite the presence of antithyroid antibodies. Karyotypes and details of the thyroid disease of the other members were unclear.
biochemical data except for hypercholesterolemia (Table 2) . Her bone age was assessed as 8 years at the age of 11 years 10 months by the method of Greulich and Pyle, using an X-ray photograph of the hands and wrists, in which short metacarpals of the 4th finger were recognized. Serum FSH and LH levels were normal and serum E 2 level was less than 10 pg/ml. Although she was in a euthyroid state, anti-microsome antibody titer was 102,400 × (Table 3 ). Her serum (Table 4) . Chromosomal analysis was carried out on peripheral lymphocytes using G-banding and revealed Xp deletion, namely, 46,X,del(X)(p11.2). The SHOX gene was detected by the FISH method and was absent on the X chromosome which was partially deleted in its short arm (Fig. 4 ). Treatment with GH commenced when the patient was 13 years and 10 months old at a dose of 0.5 IU/kg/week. The exogenous GH was effective for her height gain. Endocrinological studies just before GH treatment showed serum TSH > 40 µU/ ml, T 3 1.1 ng/ml and T 4 3.8 µg/dl, indicating primary hypothyroidism. Therefore, treatment with a thyr oxin prepar ation was started immediately. Puberty occurred spontaneously. At the age of 13 years 3 months, before she received any treatment, her breasts were Tanner 3.
Case C.T. (mother of Case A.T.)
She passed a normal childhood. She was examined at 40 years 5 months of age. She was 147 cm (-2.18 SD) tall and weighed 44 kg. Puberty progressed normally and menarche occurred at the age of 12 years. Thereafter, menstruation was irregular but then became regular during the years before she gave birth to the proband. Her menstruation ceased at the age of 37 years 7 months.
Physical examination demonstrated cubitus valgus and shortening of 4th metacarpal (Table 1, Fig. 2 ). Other Turner stigmata were not recognized. Labora tory d ata were n ormal except for hypercholesterolemia ( Table 2 ). The serum FSH and LH levels were high with a serum estrogen level less than 10 pg/ml consistent with menopause. She was in a euthyroid state with a high serum level of TSH (compensated hypothyroidism) and positive f or a n t i b od i e s t o a n t i m i c ro so m e a n d antithyroglobulin ( Table 3 ). The result of the oral glucose tolerance test was normal. A chromosomal analysis of a peripheral lymphocyte culture was performed and revealed the same karyotype 46,X,del(X)(p11.2) as the proband (Fig. 3) . The SHOX gene was not detected on the X chromosome deleted in the short arm (Fig. 4) .
We also examined the grandmother of the proband. She was 69 years of age, 144.2 cm (-2.47 SD) tall and weighed 43.7 kg. Cubitus valgus and short 4th metacarpal were observed like the proband and the mother of the proband (Table 1, Fig. 2 ).
Blood biochemistry showed h y p e r c h o l e st e r o l e m i a .
A n t i b o d i e s t o antimicrosome and antithyroglobulin were present (each 160 x), though her thyroid function was normal. Serum FSH and LH levels were high with low serum estrogen levels (Table 3 ). Chromosomal analysis of peripheral blood lymphocytes showed normal female karyotype, 46, XX.
Discussion
One of the major symptoms of Turner syndrome is primary or secondary amenorrhea due to ovarian dysgenesis. According to Therman and Susman (22) , ovarian dysgenesis was seen in 91 % of patients with 45,X and in 65 % of patients with 46,X,del(Xp). In fact, there have been some reports concerning spontaneous puberty and (15) (16) (17) (20) (21) (22) (23) (24) . However, only a few cases have been reported in which Xp deletion was transmitted from a mother to her daughter. The proband's grandmother had 46,XX karyotype (this study), although she had cubitus valgus. Fitzgerald et al. (17) described that a woman with 46,X,del(X)(p11.6) delivered 5 children of whom, 2 daughters had the same karyotype as their mother while the other 3 children (2 girls and 1 boy) had normal karyotype. In Fryns' article, publi shed in 1981 (23), tr ansmission of del(X)(p1106) from a mother to her daughter was documented. In 1982, they reported another fertile woman with del(X)(p1106) who gave birth to a normal boy after two abortions (16). Massa et al. (20) reported 2 pairs of mothers and their daughters with short arm deletion of the X chromosome. The karyotype of the 1st pair was del(X)(p211) and the second had del(X)(p114). A woman with del(Xp), who marries a normal man, may have a daughter with the same karyotype (with a probability of one in three) but not a son because a combination of Y and del (Xp) is fatal (25) . In some families, mothers with 45,X/ 46,X,del(X) gave birth to daughters with a single cell line of del(Xp) (21, 24) . In these families, the deleted X chromosome was del(X)(p21.2) in one (21) and del(X)(p21.1) in another family (24) . Furthermore, some familial Turner cases have been described in which the deleted part of the X chromosome was translocated to an autosomal chromosome (15, 25) . Hoo (27) suggested that deletions distal to p11 are asymptomatic. This suggestion was supported by Herva et al. (25) . However, Goldman et al. (26) , noted that only the size of the deletion in an X chromosome cannot predict whether a Turner patient menstruated or not. By inactivation of one of the X chromosomes, a female is balanced with a male [Lyon's hypnosis (28)]. Zinn et al. (21) suggested it might influence ovarian failure, if the normal X chromosome was inactivated. However, X chromosome inactivation is a complicated subject. For example, del(X)(p21) is a region of early replication on the inactivated X chromosome and involves some genes which may escape inactivation (29) . It has been suggested that complete pairing of X chromosomes may be essential for the survival of oocytes and for the development of ovaries (21, 30) . There is also a specific area on the long arm of an X chromosome involved in ovarian development. When an X chromosome breaks between q13 and q25, an ovarian failure occurs (22, 31) . A break at or distal to Xq25 has a much milder effect on ovarian failure, if any (22) . Patients with Xq-have gonadal failure more than those with Xp- (22, 31) .
In general, the cessation of ovarian functions after puberty and before 40 years of age is defined as premature ovarian failure (32) . The mother of the proband had menopause at the age of 37 years 7 months. It has been reported that menopause began at 25 years of age in a patient with del(X)(p11.23) (17) , and at 35 years (20) and 39 yea r s (21) of ag e in t wo p at ien ts wi th del(X)(Xp211). Women with early menopause (premature ovarian failure) have a shortened period of fertility and are at risk to estrogen deficiency symptoms. These facts should be taken into consideration when treating patients with del(Xp). Devi and Benn (32) reported 4 out of thirty women with premature ovarian failure, had X chromosome abnormalities, including 46,Xi(Xq) and 45,X/46,XX.
There were several patients with thyroid disease in the proband's family as shown in Fig. 1 . T h e p r oba n d wa s s tr on g l y p o si t i ve f or antimicrosome antibody, while her mother and maternal grandmother were positive for both antimicrosome and antithyrogrobulin antibodies. At the first examination, the mother had and in Case C.T. on the right. SHOX gene (arrow) is detected on the short arm of the normal X chromosome (arrowhead), whereas it is not identified on the short arm of del(X) in both cases.
compensated hypothyroidism, whereas, the other two were in a euthyroid state. However, hypothyroidism was detected in the proband at the laboratory test just before the start of GH treatment. Leichtman et al. (15) reported a patient with del(X)(p11) who had goiter, was positive for antithyroid antibodies, and had high serum TSH and T 4 levels. Fryns et al. (16) also experienced a case with a karyotype of del(X)(p21.01) and hypothyroidism. It is well known that Turner syndrome tends to be associated with autoimmune thyroid diseases. Lippe (12) studied the antithyroid antibodies in 205 patients with Turner syndrome and found that 30% of them had antithyroid antibodies at their first examination. Some patients with Turner syndrome have been found to have abnormal thyroid functions in spite of lacking antithyroid antibodies (12, 33) . According to a study by an Italian group on the occurrence rate of thyroiditis in 478 patients with Turner syndrome, antithyroid antibodies were found in 22.2% of the patients, 10% of whom had thyroiditis (34) . This incidence rate of thyroiditis in Turner syndrome was significantly high compared to the general population (1.2%). Twenty-seven patients had compensated thyroiditis, and 3 patients had hypothyroidism. There was no difference in the occurrence rate of thyroiditis between the groups classified on the basis of karyotype. Further, Gruneiro de Papendieck et al. (34) found positive antibody titers in 40% of 49 Turner patients, and a higher incidence in a group of patients with structural abnormalities of the X chromosome than the group without structural abnormalities. Zinn et al. (35) speculated that haploinsufficiency of a locus in Xp11.2-p22.1 might contribute to the autoimmune thyroid disease. However, all the patients with thyroid disease, did not have Turner syndrome in their families in this study. Since, we could not perform a chromosome analysis of the people with thyroid disease in these relatives, the close relationship between the karyotype del(X)(p11.2) and thyroid disease was not confirmed. However, this relationship could not be rejected either, because the proband (V1-1) and her mother (V-4) had overt and compensated hypothyroidism, respectively. Short stature is one of the major features of Turner syndrome. It was seen in the proband (-3.80 SD) and her mother (-2.18 SD). Short stature was observed in 100 % of the patients with 45,X and in 88% of those with Xp- (22) . Ogata and Matsuo (30) classified other somatic features of Turner syndrome into four categories: a) skeletal anomalies (cubitus valgus, short metacarpals and Madelung deformity characteristic of Léri-Weill syndrome), b) soft tissue anomalies (webbed neck, low posterior hair line and edematous hands and feet), c) visceral anomalies (coarctation of the a o rt a , h o r s e s h o e k i dn e y , e t c .) , a n d d ) miscellaneous anomalies (pigmented nevi, etc). The proband showed epicanthal fold, multiple pigmented nevi, cubitus valgus and short 4th metacarpal, while her mother had the latter two features. Cubitus valgus was observed in 55% (30) or 77% (22) of Turner patients with 45,X and in 25% (22) (17, 23 , this study). In the patients with few features of Turner syndrome, a family member of the proband with amenorrhea or premature ovarian failure may be a clue for performing chromosomal analysis that could lead to the diagnosis of Turner syndrome among them.
Recently Rao et al. (36) succeeded in cloning the SHOX gene and suggested that its heterozygous mutation might cause growth failure. It was r e p o rt e d t h a t a l a r g e d e l e t i o n o f t h e pseudoautosomal region (Xp22.3) was involved in dyschondrosteosis exhibited in the patients with Turner syndrome, or Léri-Weill syndrome, and that the haploinsufficiency of the SHOX gene caused dyschondrosteosis (37) . Kosho et al. (38) , also suggested that haploinsufficiency of the SHOX gene might cause not only short stature but also skeletal anomalies such as short 4th metacarpals, cubitus valgus in patients with Turner syndorome or Léri-Weill syndrome. Our patients exhibited the absence of the SHOX gene on the del(Xp) chromosome when examined by FISH. Therefore, haploinsufficiency of the SHOX gene was considered to result in their short stature, cubitus valgus and short metacarpals. Patients who have the same size of deletion of Xp may show different somatic features of Turner syndrome, as in this study, multiple pigmented nevi and epicanthal fold were seen in the proband but not in her mother.
Conclusion
In the patients with 46,X,del(X)(p11.2), as described in this study, the following facts are important: a) Studies on the partial deletions of the short arm of an X chromosome may contribute to clarification of genes involved in the clinical features of Turner syndrome; b) we were able to detect Turner syndrome by chromosomal analysis in patients with short stature alone or with a few other features of Turner syndrome; c) a patient with del(Xp), who marries a normal man, may have a child with the same del(Xp) with a probability of one in three; d) Turner syndrome can be detected among women with short stature and amenorrhea or premature ovarian failure; e) the status of fertility, premature ovarian failure, incidence of birth rate of normal children should be considered for genetic counseling of del(Xp) patients and/or their parents.
